Microtubules, an integral component of the cytoskeleton of eukaryotic cells, are implicated in the regulation of a number of diverse processes such as axonal transport, secretion, cell division and the maintenance of cell shape. Recently, it has been reported that microtubles may also be involved in the regulation of excitability of axons (Matsumoto & Sakai, 1979a,b; Matsumoto et al., 1979 Matsumoto et al., , 1980 . These findings are further supported by the observation that (a) the breakdown of cytoskeletal elements reduces the Na+ spikes in cultured neurons (Fukuda et al., 198 l) , (b) the Na+-channel activator batrachotoxin is a potent inhibitor of axonal transport (Ochs & Worth, 1975) , possibly through a direct interaction with the transport system, and (c) Na+-channel toxins affect microtubule assembly in vitro (Brown & Tolbert, 1979; Brown et al., 1983) . However, the molecular basis of these interactions is not known. The aim of the present study was to analyse the mechanism of the interaction of a Na+-channel toxin, purified from venom of the scorpion Leiurus quinquestriatus, with microtubule proteins.
Microtubule proteins were purified by temperaturedependent recyclization (Karr er al., 1979) and contained only high-M, microtubule-associated proteins (MAPs) and tubulin. Tubulin depleted of MAPs (PC-tubulin), tubulin lacking its 4 kDa C-terminal fragment, due to digestion with subtilisin (S-tubulin), and the 4 kDa peptide were prepared as described by Weingarten et al. (1975) and Serrano et al. (1984a,b) , respectively. Affinity chromatography was performed with columns of activated CNBr-Sepharose 4B cross-linked with PC-tubulin or the 4 kDa peptide. Microtubule assembly was measured by \he change in optical density of samples incubated at 25 C for 45 min in the presence of I mM-GTP. Polymerized microtubules were either stained directly with 2% (w/v) uranyl acetate, for examination by electron microscopy, or centrifuged at 100000 g for 3min in a Beckman airfuge. Supernatants and pellets were assayed for total protein (Lowry et al., 195 1) and analysed by gel electrophoresis. Na+-channel toxin was purified from venom of the scorpion Leiurus quinquestriatus, and radioiodinated as described by Catterall(l976, 1977) .
Microtubule proteins or PC-tubulin exhibited an increased optical density change when polymerized in the presence of toxin (Table 1) . A corresponding increase was observed in the amount of polymer pelleted by centrifugation. Examination of samples by electron microscopy revealed the presence of microtubule 'bundles' when the toxin was added. Electrophoretic analysis of the polymerized and unpolymerized microtubule proteins indicated the presence of MAPs 1 and 2 in all cases.
In an experiment where radioiodinated toxin was added to samples, it co-polymerized with microtubule proteins and PC-tubulin but only traces were detected in association with S-tubulin polymers (Table 1) . Radiolabelled toxin also bound to a column containing activated CNBrAbbreviations used: MAPs, microtubule-associated proteins; PC-tubulin, tubulin depleted of microtubule-associated proteins; S-tubulin, tubulin lacking its 4 kDa C-terminal fragment.
TABLE 1. Interaction of Na'ichannel t o x i n w i t h microtubule proteins
Microtubule proteins at 1-2 mg/ml were used in all experiments. In ( a ) measurements were made in the presence (v) or absence (c) of purified Na+-channel toxin at 0.2-0.4 ,ug/ml. Percentages of total protein polymerised are shown in parentheses. In ( b ) approx. 15 000 c.p.m. of radioiodinated Na+-channel toxin was added to each protein sample. After polymerization, the radioactivity in microtubule pellets was measured and is expressed as a percentage relative to that recovered in unfractionated microtubule protein. n.d., Not determined. Sepharose cross-linked with PC-tubulin and the counts were eluted with 0.5 M-NaCI. These counts also interacted with a CNBr-Sepharose column cross-linked with the 4 kDa peptide, indicating that the toxin may interact with the Cterminal region of tubulin. Since tyrosine is added posttranslationally to the C-terminal of a-tubulin (Arce e t al. , 1975; Raybin & Flavin, 1975) and both the Na+-channel toxin and MAPs (Serrano et al., 1984b) interact with the 4 kDa C-terminal region of the tubulin subunits, interaction of ligands with this dominion of tubulin may be important in the regulation of membrane excitability in squid giant axons (Matsumoto & Sakai, 1979b) . Given that the toxin is a very basic protein (Catterall, 1976) and that the 4 kDa C-terminal of tubulin contains a highly acidic sequence (Posting1 et al., 1982) , the nature of their interaction c o d d be dependent on ionic charge and be similar to that between tubulin and MAPs. These observations, together with the finding that tubulin may be exposed on the surface of neural cells (Estridge, 1977) , could reflect a secondary action of the toxin apart from its binding to the Na+-channel protein. y-Aminobutyrate (GABA) is a major inhibitory neurotransmitter in the mammalian central nervous system where it may function at up to 40% of the synapses in brain (Fonnum & StormMathison, 1978) . The GABAA receptor is closely associated with a C1-ionophore and in some,
if not all, cases, with a benzodiazepine receptor. Other centrally active drugs including barbiturates may also regulate GABA-mediated inhibition at the level of the receptor complex (Olsen, 198 1) . A better understanding of the molecular interactions underlying regulation at the GABA synapse may be achieved through study of the isolated receptor. For this reason, the GABA/benzodiazepine receptor complex from pig cerebral cortex was purified to homogeneity and partially characterized. The interaction of an anaesthetic, propanidid, with the purified receptor complex was also investigated. The receptor complex was purified from a Triton X-100 extract of crude synaptic membranes from pig cerebral cortex, by affinity chromatography on a benzodiazepine-agarose gel followed by ion-exchange chromatography on DEAE-cellulose, as described by Sigel et al. Vol. 13
